Summary. The novel pituitary protein 7B2 has a widespread distribution in neurons and paraneurons and is known to be associated with endocrine disorders. In the mammalian lung, solitary neuroendocrine cells (NECs) and their innervated aggregates, termed neuroepithelial bodies (NEBs), are scattered along the bronchopulmonary tree; however, presence of 7B2 in these structures has not previonsly been reported.
The respiratory tree of air breathing vertebrates harbours numerous neuroendocrine cells (NECs) in airway and alveolar epithelia. They were first described by FEYRTER (1938) as clear cells in many organs, including the lung, and confirmed in the bronchial epithelium by FROHLICH (1949) , who also demonstrated their argyrophil nature and single or grouped appearance. These clusters were termed neuroepithelial bodies (NEBs) by LAUWERYNS et al. (LAUWERYNS and PEUSKENS, 1972; LAUWERYNS et al., 1972) .
Subsequent studies revealed differing distributions for NECs and NEBs in the respiratory tract of various mammalian and submammalian species: NECs are irregularly scattered throughout the tracheobronchial tree, whereas NEBs are found in bronchi, bronchiole and in alveolar ducts and sacs, particularly at airway and alveolar junctions (LAUWERYNS and PEUSKENS, 1972; LAUWERYNS et al., 1972; GOSNEY and SISSON, 1985; SOROKIN and HOYT, 1989) .
The topographically strategic location of NEBs (LAUWERYNS and PEUSKENS, 1972; LAUWERYNS et al., 1972) , the complex motor and sensory innervation pattern (LAUWERYNS et a1.,1972; LAUWERYNS and COKELAERE, 1973; HUNG, 1980 ; VAN RANST and LAUWERYNS, 1990) , and the synthesis and secretion of biogenic amines (LAUWERYNS et al., 1973 (LAUWERYNS et al., , 1986 and several bioactive peptides (CUTZ et a!.,1981; SCHEUERMANN,1987; SOROKIN and HOYT,1989; LAUWERYNS and SELDESLAGH, 1991; SELDESLAGH and LAUWERYNS,1993a, b) (for a compilation see POLAK et al., 1993 ) favour a chemoreceptive function for NEBs. Accordingly, experimental studies have indicated that NEBs are sensitive to hypoxia and hypercapnia, and that they may act via neuronal and/or endocrine regulatory pathways (LAUWERYNS and COKELAERE, 1973; LAUWERYNS et al., 1977 LAUWERYNS et al., , 1978 . Paracrine functions, on the other hand, are attributed to NECs and less to NEBs (FEYRTER, 1938; FROHLICH, 1949; LAUWERYNS and PEUSKENS, 1972) .
The novel, highly conserved polypeptide 7B2, which belongs to a new protein superf amily, was initially isolated from the human and porcine pituitary gland (HSI et al., 1982; SEIDAH et a1.,1983; MARTENS et al (MARTENS, 1988; MARTENS et al., 1989) . Moreover, various experimental data have indicated that 7B2 behaves as a secretory protein of neuroendocrine cells (DENG et al., 1986; IGUCHI et al., 1987b IGUCHI et al., , 1991 while radioimmunoassays and immunohistochemical studies have shown that 7B2 is expressed by a wide variety of neuronal and paraneuronal cells (IGucHI et al., 1984 (IGucHI et al., , 1985 (IGucHI et al., , 1987a (IGucHI et al., , b, 1991 SUZUKI et al., 1985; FALGUEYRET et al., 1987) . Ultrastructurally, 7B2 localizes in the synaptic and/ or secretory vesicles of these cells (IGUcHI et al., 1984; MARCINKIEWICZ et al., 1986 MARCINKIEWICZ et al., , 1987 MARCINKIEWICZ et al., ,1988a BENJANNET et al.,1988; AzzoNI et al., 1992) . 7B2 immunoreactivity was also detected in normal human plasma (SUZUKI et al., 1986; IGUCHI et al., 1987a) , and elevation of plasma 7B2 levels was noted in patients with various endocrine tumors, including small cell carcinoma of the lung (SUZUKI et al., 1986; NATORI et al., 1988; IGUCHI et al., 1989) .
This immunohistochemical study attempted to fill the gap in knowledge about the presence of 7B2 within the respiratory mucosa. Using rat lungs, we defined their morphologic features, occurrence and distribution, and investigated their colocalization with CGRP. The latter is unique in being present not only in many NECs and NEBS, but also in the sensory innervation of the rat respiratory tract (LUNDBERG et al., 1985; KEITH et al., 1991) .
MATERIALS AND METHODS
Lung samples were obtained from 3-week-old rats (n=12), which were anesthetized with pentobarbitone sodium (35 mg/kg body weight, i.p.). After cardiac perfusion with heparinized physiologic saline (20U/ ml), the lungs were gently inflated by intratracheal injection of Bouin's solution. Lung lobes were separated, minced and immersed in the same fixative for 12 h. All material was processed for embedding in paraffin wax. Serial tissue sections (5 ,um thick) were cut, mounted and dried overnight at 3TC. After dewaxing, slices were immersed in methanol containing 0.3% H2O2 to quench any endogenous peroxidase activity, while non-specific background staining was blocked with 3% normal swine serum (X-901) (Dako; Glostrup, Denmark), both at room temperature (RT) and for 30 min. Subsequently, sequences of serial sections were chosen at random per lung lobe and per animal and stained alternately for 7B2 and CGRP. Both primary incubations were done at 4C in a moist chamber for 18 h. For details of the primary antisera, see Table 1 . The preparation were then treated with biotinylated swine anti-rabbit immunoglobulins (E-353; Dako) (diluted 1:100) for 30-45 min, followed by streptavidin biotin peroxidase complexes (SABS) (K-377; Dako) (diluted 1: 200) for 60 min, both at RT. After each step, the sections were rinsed with 0.01 M phosphate buffered saline (PBS), pH 7.2-7.4. The peroxidase activity was localized with a PBS solution containing 0.05% 3,3'-diaminobenzidine and 0.03 H2O2 for 5-10 min. Prior to a final washing, sections were counterstained with Mayer's hematoxylin, dehydrated and mounted. After examination with the Leitz CBA 8000 color image analyzing system, photomicrographs were taken with a Leitz Vario-Orthomat camera system. Controls for method specificity included: a) sections incubated with normal rabbit sera instead of primary antisera, and b) sections for which stages in the immunoperoxidase method were omitted. Human and rat endocrine pancreas served as positive tissue controls for 7B2 and CGRP. The specificity of both primary antibodies was determined by loquid phase preabsorption for 18 h at RT with the respective synthetic antigen at 10 nmol/ml of diluted antiserum, while crossreactivity was tested by the addition of 10 nmol/ml of the counter-peptide.
Both peptides employed in these tests were purchased from Peninsula Laboratories (St-Helens, UK).
RESULTS
The occurrence and distribution of 7B2 and CGRP immunoreactive sites are summarized in Table 2 . Application of the SABC method for 7B2 resulted in a strongly positive, dark-brown to black cytoplasmic staining of NEBs (Figs. 1A, 2-4) . Their oval nuclei, oriented parallel to the longitudinal cell axis, remained unlabelled (Figs. 1A, 2-4) . In the adjacent CGRP treated sections, more NEBs were reactive, but their overall distribution, location and morphology appeared similar (Compare Fig. lA and B) . Particularly noticeable was the lack of 7B2 granularity in NECs, though they were easily detectable after CGRP immunoreaction (Fig. 5 ). 7B2 and/or CGRP expressing NEBs were identified as corpuscular entities constituting 4 to 25 cylindrical cells parallel to each other, closely packed and in apparent contact with the bronchial, bronchiolar or alveolar lumen (Figs. 1A, 2-4) . CGRP storing NECs were often pyramidal and situated close to the basement membrane.
When located in a bronchus or bronchioler, they were buried deep within the epithelial layer, obviously failing to reach the lumen (Fig.  5) . Slender pseudopod-like cytoplasmic processes, interdigitating with the other cells, were regularly seen. Occasionally, NECs occurred in small groups of two or three contiguous cells (Fig. 5) . The distinction between these small aggregates and true NEBs was not difficult since the former, though comprising more than one cell, were always of the closed type and lacked supplying nerves.
7B2 labelled NEBs were preferentially located at airway branching points of small bronchi and bronchioles (Fig. 3) . In the alveolar parenchyma, a large proportion was detected in alveolar ducts at bronchiolarductular and ductular-alveolar junctions (Figs. 1A, 2,  4) .
In properly cut sections, CGRP stained nerve fibers occurred around small bronchi, bronchioles and blood vessels and occasionally in close association with NEBs (Fig. 1B) . 7B2, on the other hand, was not identified in pulmonary nerve fibers. Intrapulmonary ganglia were small and sparse and labelling could not easily be evaluated. Nevertheless, CGRP-containing ganglion cells were sporadically found.
A full quenching of immunostaining was achieved after the omission of any step in the SABC method, replacement of both primary antisera with non-immune sera or preabsorption with the respective synthetic antigen, although the Immunoreactivity was unaffected by preincubation with the counter-peptides. Rat and human endocrine pancreas showed 7B2 and CGRP labelling in islet cells.
DISCUSSION
The present study is the first immunohistochemical description of the occurrence of 7B2 in the rat lung as well as its colocalization with CGRP. Previously, 7B2 reactivity has been described several times in different peripheral endocrine organs of mammalians, but not in the normal lung (IGUcHI et al., 1984; FALGUEYRET et al., 1987; BENJANNET et al., 1988; MARCINKIEWICZ et al., 1988a, b; AZZONI et al., 1992) . A reason for this might be that the endocrine function of the lung, in addition to its role in the exchange of gases, has only recently come to be widely accepted, although the presence of pulmonary neuroendocrine cells was proposed more than 50 years ago (FEYRTER, 1938) .
The biological importance of 7B2 is not yet clear. However, 7B2 may play a significant role in one or more regulatory systems because of its high conservation (MARTENS, 1988; MARTENS et al., 1989) , its wide distribution in neuronal and paraneuronal cells (IGUcHI et al., 1984 (IGUcHI et al., , 1985 (IGUcHI et al., , 1987a (IGUcHI et al., , b,1991 SUZUKI et al., 1985; FALGUEYRET et al., 1987) and its intravesicular location (IGUCHI et al., 1984; MARCINKIEWICZ et al., 1986 MARCINKIEWICZ et al., , 1987 MARCINKIEWICZ et al., , 1988a BENJANNET et al., 1988; AZZONI et al., 1992) . Moreover, the secretory character of 7B2 (DENG et al., 1986; IGUcHI et a!., 1987a IGUcHI et a!., , b,1991 as well as the presence within the 7B2 structure of potential recognition sites for post-translational modifications and of three regions similar to putative GTP-binding domains (MARTENS, 1988; MARTENS et al.,1989; AYOUBI et al., 1990) have suggested the involvement of 7B2 in the secretory process (prohormone maturation or protein traffic) or, alternatively, some as yet undefined postexocytotic function (hormone, neurotransmitter or neuromodulator) (IGUCCHI et al., 1987a , b MARCINKIEWICZ et al., 1987 MARTENS, 1988; AYOUBI et al., 1990 ; VAN DUIJNHOVEN et al., 1991; AZZONI et al., 1992) .
This report shows that 7B2 immunoreactive NEBs occur in the rat lung, always representing a subpopulation of CGRP stained NEBs. It also demonstrates an additional immunomicroscopical difference between NECs and NEBs, as the solitary cells never contain 7B2 but only CGRP. Moreover, CGRP is present in intrapulmonary neural tissue elements, while 7B2 is neither detected in ganglion cells nor in nerve fibers. The reasons for this very distinct expression of 7B2 and CGRP are probably multiple.
The observed discrepancy in immunoreactivity for the novel pituitary protein between NEBs and NECs may be indicative of a distinct embryological origin in that the NEBs are truly of neural derivation whereas the NECs are not (GosNEY and SlssoNs,1985) . Moreover, heterogeneous production of 7B2, likely via different gene expression mechanisms (MARCINKIEWICZ et al., 1988b; ROEBROEK et al., 1989) , may be correlated to the presence of dense cored vesicles (RoEBROEK et al., 1989; VIEAU et al., 1991 VIEAU et al., , 1992 AZZONI et al., 1992) . Whatever the case, the different immunoreactions of the cells concerned support the hypothesis of distinct functions for NEBs and NECs (McBRIDE et al., 1990) .
The presence of CGRP in the innervation of the lung confirms earlier findings (LUNDBERG et al., 1985; KEITH et al., 1991; LAUWERYNS and SELDESLAGH, 1991) and clearly demonstrates the occurrence of local neurons in addition to extrapulmonary sources such as the jugular and nodose ganglia (LUNDBERG et al., 1985; KEITH et al., 1991) . CGRP containing nerves are considered sensory because most of them disappear after capsaicin treatment (LUNDBERG et al., 1985; VAN RANST and LAUWERYNS, 1990; KEITH et al., 1991) . The absence of 7B2 in neural tissue elements of the rat lung suggests that it has no function in the pulmonary nervous system. This finding agrees well with a study of SUZUKI et al. (1988) , who demonstrated that enteric 7B2 concentrations did not significantly change after capsaicin treatment or surgical denervation and that the majority of 7B2 was present in the epithelium. Pathol. 60: 517-559 (1949) . GosNEY, J. R. and M. C. SISSONS: Widespread distribution of bronchopulmonary endocrine cells immunoreactive for calcitonin in the lung of the normal adult rat. Thorax 40: 194-198 (1985) . HSI, K. L., N. G. SEIDAH, G. De SERRES and M.
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